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To all whom it may concern. 

Be it known that J, NIKOLA TESLA, a sub- 
jectof the Emperor of Austria-Hungary, from 
Smiljan, Lika, border countryof Austria-Hun- 

5 gary, residing at New York, in the county 
and State of New York, havo invented cer- 
tain new and useful Improvements in Sys- 
‘ems of Eiectricat Power Transmission, of 
Which the following is a specification, refer- 

«o ence being bad to the drawings accompany- 
‘ing and forming a part of the same. 

- lncertain patents heretofore granted,I have 
shown and described a system of electrical 
power trausmission iu which each motor con- 

tg tained two or more independent energicing 
circuits through which were cansed to pass 
ulternatiung currents having in each circuit 
such difference of phase that by their conm- 
bined or resultant action they produced a ro- 

to tary progression of the poles or points of max- 
imum magnetic effect of the motor and there. 
by maintained the rotation of its movable 
element. In the systein referred to and de- 
scribed in the said patents the production or 
zs generation of the alternating currents, upon 
the combined or resultant effect of which the 
operation of the system depends, is effected 
by the employment of an alternating current 
generator with independent induced circuits 
3o which, by reason of the winding or other con. 
struction of the generator, produces currents 
differing in phase, and these currents arecon- 
.veyed directly from the generator to the cor- 

- responding motor coils by independent lines 

35 orcircuits. J have, however, discovered that 
I may proeduce the same or a similar result 
by an alterpatiog current from a single origi- 
nal source using between the generator and 
mctors but ove line or transmission circuit. 

40 Broadly stated, this system or method in- 
volves a source of alternating or equivalent 
currents, & siogle transmission circuit, a mo- 
tor having independent energizing circuits 
connected with or adapted for connection 

45 with the tranSmission circuit, means for ren- 
dering the maguetic effects due to the ener- 
gizing circuits of different phase, and ao ar- 
mature within the influence of the energiz- 
_ log cirenits; the means foraccomplishiaog this 

50 result being of such a nature as to retard the 

current in one cnergizing circuit toa greater 


or less extent than inthe other 


The distri- 
bution of the matn or original current through 
the two motor circuits may be effected bv in- 
duction or by derivation. In other words, I 55 
inay pass the alternating current from the 
source through one energizing circuit, and in- 
duce by such current a second current in the 
other energizing circuit. Or, on the other 
hand, I may connect up the two energizing 60 
circuits of the motor in derivation or wulti- 
ple arc with the main circuit from the source. 
In eitherevent I make due provision for main- 
taining adifferenceof phase between thecur- 
rents tn the two circuits or branches 65 

Jn ao application filed by mo May 15, 28S», 
Serial No. 273,993, Ibavesbown and described 
the means which I have employed for secur 
ing this result by inducing one energizing 
curreat from the other. 70 

My present application relates to the means 
employed when the two energizing currents 
are obtained from a single original seuree by 
derivation. 

In explanation of what appears to be the 75 
principle of the operatian of my invention 
and of the functions of the several énstru- 
mentalities comprised thereby, let it be as- 
sumed that the two enervizing circuiis of an 
alternating current motor, such, for exaniple, 8¢ 
as Ihave described in my Patent No. 382,280, 
dated May 1, 1888, are connected up in der. 
vation or multiple are with the conductors 
of a circuit including an alternatiag current 
generator. It is obviousthatif both circuits 85 
are alike and offer the saine resistance to the 
passage of the current no rotary effect will be 
prodaced, tor although the periods of the eur 
rents in both circuits will lag or be retarded 
to & certain extent with respect to an un- go 
retarded current from the main circuit, their 
phases will coincide. If, however, the coils 
of one circuit have a greater number of con- 
volutions around the cores, or a self iuduction 
coil be included in one of the circuits, the gs 
phases of the current in that circuit are re- 
tarded by the increased self induction. The 
degree of retardation roay readily be secured 
by these means which will produce the dif. 
ference in electrical phase between the two too 
currents necessary for the practical operation 
of the motor. If in lieu of increasing the 
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self induction of one circuit a dead resist- 
ance be inserted, the self induction of such 
circuit exerts a correspondingly diminished 
effect, and the phases of the current flowing 
in that branch are brought more nearly in 
unison with those of an unretarded current 
from the main line and the necessary dilfer- 
ence of pbase between the currents in thetwo 
energizing circuits thus secured. I take ad- 
vantage of these results in several ways. 
For example, 1 way insert variable resist- 
ances in both branches or energizing circuits 
and by varying ove or the other soas to bring 
the phases of the two currents more or less in 
nnison with those of the unretarded current, 
I may thus vary the direction of the rotation 
of the motor. In lieu of resistances I may 
employ variable self induction coils, in both 
circuits. Or I may use a resistance in one 
and aself induction coilin the other and vary 
either or both. This systein or means of op- 
erating the motors is rendered of great prac- 
tical value by employing an armature wound 
with energizing coils closed upon themselves, 
in which currents are induced by the alter- 
nating currents passing iu the field coils that 
serve to greatly increase the inutual attract- 
ive effect between the armature and the field 
magnets. This use of the armature witb 
closed coils I regard as an important feature 
of ny invention. ‘These several features of 
the invention I shat! now describe more in de- 
tail by reference to the accompanying draw- 
Ings, 

Figure 1 is a diagram of the system in 
which the motor coils or energizing circuits 
are in derivation to the main line with a dead 
resistance inserted in one cirenit. Fig. 2 is 
a diagram showing dead resistances in both 
motor circuits. Lig. 3 is a diagram showing 
a self induction coil in ove motor circuit. 
Fig. 4 isa diagram showing a dead resistance 
in one circuit and a self induction coil in the 
other. Fig. 5io like manner shows a self in- 
duction coil in each motor cireuit. Fig. 6 is 
a diagram showiug the two inotor circuits of 
diferent electrical character. Fiy. 7 is a dia- 
gram illustrating weaus for varying at will 
the electrical character of the motor circuits. 

Referring to Fig. 1, A designates a suitable 
source of alternating evrrents and Bb the 
line wires running therefrom. It will be un- 
derstood thit the generaior A may be a pri- 
mary or secondary generator, and the line B 
B may be the main travsmission circuit or a 
local circuit from a transformer connected 
at any point in the line of a maiu or trans- 
mission circuit. For convenience in this 
case, it will be considered as a line from a 
given source of current to one or more motors. 
The moter contains a given number of pole 
pieces wc und with two sets of coils C and D. 
The armature is wound with permanently 
closed energizing coils E in which currents 
are developed by inductive action when the 
motor is in operation which magnetize the 
armature core and greatly focrease the effi- 
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opposite direction. 


ciency of the motor. Assuming the two mo- 
tor circuits to have the same degree of solf 
iuduction and resistance no rotary effect will 
be produced by the passage through them of 
an alternating current from the source A. 
But if in one of the inotor cireuits, as D,a 
dead resistance represented by R be intro 
duced, the self induction of t‘iat circuit or 
branch is reduced and the phases of current 
therein retarded to a correspondingly less 
extent. The relative degrees of retardation 
of the phases of the current in the two motor 
circuits With respect to those of an unretarded 
current from the circuit 15 thus produced will 
set up a rotation of tho motor which may be 
practically utilized for many purposes. 

If, as iu Fig. 2, a dead resistance R, R’ be 
introduced into each motor circuit, no rotary 
effect will be produced as long as the resist- 
ances are equal, but by varying the resist- 
ance in one circuit the retardation of the cur- 
rent in that circuit will be varied, and corre- 
sponding effects produced. For example, a 
roduction of the resistance in one circuit im- 
parts to the motor rotation in one direztion 
while a reduction of the resistance in the 
other circuit will produce a rotation in the 
}3y means of the two ro- 
sistances, therefore, capable of variation or 
of being bodily withdrawn from or inserted 
in the circuits by any well known means, a 
perfect regulation of the motors is secured. 

In Fig. 3 the arrangement of all the parts 
is similar to that shown in Fig. 1 except that 
a self induction coil as S is introduced iuto 
one branch or eneryizing circuit of the motor. 
The effect of thus increasing the self indue- 
tion in one of the circuits is to retard the 
phases of the current passing therein to a 
greater extent than in the other circuit and 
in this way to secure the necessary difference 
in phase between the two energizing currents 
to produce the rotation of the motor. 

In Fig. 4 a self induction coil S is included 
iu oue of the motor circuits and a dead resist- 
ance Rin the other. ‘Phe increased self in- 
duction in one circuit thus produced acts to 
increase the difference of phase between tho 
current in such motor circuit and the unre- 
tarded current in tho main line B. On the 
other band, the introduction of the dead re- 
sistance in the other motor c#teuit reduces the 
retardation and brings the phases of the cur- 
rent therein more closely ipaccord with those 
of tho unretarded current, thus producing a 
correspondingly greater difference of phase 
between the two currents in the energizing 
circuits C and D 

In Fig. 5, two self induction coils S, S’ are 
shown, one in each motor or energizing cir- 
cuit. Oneof thesecoils as S’is much smaller 
than the other and has less self induction or 
counter clectro motive force than the other, 
#0 that the phases of current will be retarded 
to a less extent than inthe other. The two 
self induction coils may be of the same char- 
acter or size if it is desired to use but one at 
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a time for the purpose of reversing the motor, 
or if they be constructed in well known ways 
so that they may be varied. 

In Fig. 7 the usual means for varying the 
resistance or self induction of the motor cir 
curts at will are indicated by the lever M stid- 
Inzgover aserics of resistance plates, and bya 
core N which is adapted to be moved in and 
out of the induction coil Ss. 

Similar results may bo secured by such a 
constriction or organization of the motor as 
will yield the necessary differerces of phase. 
For example, one set of energizing coils nay 
be of finer wire than the otber, or have a 
greater number of convolutions, or each cir- 
cuit may contain the same number of convo. 
lutions, but composed of different conductors, 
as, for instance, one of copper, the other of 
Gerinan silver. TE havo represented this in 
Fig 6, in which the coils C are indicated by 
closer lines than coils D 

There areother waysof varying the retarda- 
tion due tothe self induction in the two ener- 
gizing cireuits. Forexample, the inotor coils 
may be all alike, but those of one energizing 
circuit connected in parallel while the others 
are connected in serics, or the connection in 
each enerzizing circuit may be alike, but the 
currents directed through them may be of 
different strength, as when one of the cur- 
rents is supplied frum a source of higher elec- 
tro-motive force. 

In the above description I have referred 
imnainly to motors with two energizing circuits, 
but it is evident that the invention applics 
equally to those in which thereare more than 
two of such circuits, the adaptation of the 
saine being a matter well understood by those 
skilledi in the art. 

In using in the claims the term active re- 
sistance as applied to the motor circuits in 
this ease, it will be understool] that the term 
refers to the opposing or retarding force ex- 
isting in the circuits to the passage of the al- 
ternating currents. Thus, the two cireuits 
may have the saine dead resistance, but dif- 
ferent degrees of self induction. 

What I claim as my invention is— 

1. The combination with a source of alter- 
nating currents, and a circuit from the saine, 
of wn motor having independent energizing cir- 
cuits connected with the said circuit, and 


means for rendering the magnetic effects due 
to sAid energizing circuits of different phase 
and an armature within the infvenceof said 
energizing circuits. 

2. The combination with a source of alter- 
nating currents and acircuit from the same, 
of a motor having independent energizing cir- 
cuits connected in derivation or multiple arc 
with the said circuit, the wotor or energizing 
circuits being of different clectrical character 
whereby the alternating currents thereio will 
have a difference of pbase, as set forth. 

5. The combjnation with a source of alter- 
nating currents and a circuit from the same, 
of amotor baving independent energizing cir- 
cuits connected in derivation or multiple are 
with the said circuit and of different active 
resistauce, as set forth. 

4. In analternating current twotor, the com- 
bination with fleld magnets, of independent 
energizing circuits, adapted to be connected 
in multiple arc with the conductors of the 
line or transmission circuit aud a resistance 
or self indiiction coil in one or both of the 
said motor circuits, as set forth. 

o. Inan alternating current motor, the com: 
bination with the field magnets or cores of in- 
dependent energizing coils adapted to be con- 
nected in multiple arc with the line or trans- 
mission circuit, and a variable resistance or 
self induction cvil included iu one or both of 
the motor circuits as set forth. 

6. Inan alternating current motor, the com: 
bination with the field magnets or cores and 
independent energizing circuits of different 
active resistance and adapted to be connected 
with the line or transmission cirenit, of an 
arinature wound with closed enorgiziog coils 
or conductors, as set forth. 

7. The combination of a generator of alter- 
nating currents, a pair of mains connected 
thereto, a multiple circuit differential phase, 
and an electric motor having one circuit con- 
nected directly to said mains, and the other 
circuit connected to said mains through an 
interposed electro-motive pbase-changing de- 
vice adapted to change the time period of the 
currents passiog through it. 

NIKOLA TESLA. 

Witnesses: 

FRANK E. I[ARTLEY, 
FRANK DB. MURPHY. 


It is hereby certified that in Letters Patent No. 511,560, granted Decemher 26, 1893, 


upon the application of Nikola Tesla, of New York, N. Y., for an improvement io 


“Systems of Electrical Power Transmission,” ao error appears in the printed specifica- 


tion requiring correction, a8 follows: Iv line 95, page 3, the words “and en” shuulu 


be stricken ont; and that the said Letters Patent should be read with this correction 


therein that the une may conform to the record of the case in the Patent Office. 
Signed and sealed this Oth day of June, A. D., 1903. 


[Seal J 


F. I. ALLEN, 


Commiasioner of Patents. 
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